 In order to solve the problem of the railway line in service is difficult to carry out the real vehicle experiment, a reduced-scale experiment system for vibration was proposed according to the similarity theory and SIMPACK dynamic model analysis. In this paper, two SIMPACK dynamic model were built. Among them, one model is the real vehicle SIMPACK dynamic model, and the other is the test vehicle SIMPACK dynamic model. By using the dichotomy to adjust the test vehicle's primary suspension and secondary suspension parameters, so that the real vehicle model and the test vehicle model are output the same parameters when running under the same conditions. Experimental results shows that the output parameters of the test vehicle model are basically consistent with the output parameters of the real vehicle model. Test vehicle can be a good simulation of the actual situation, the reduced-scale experiment system for vibration is feasible.
INTRODUCTION
In recent years, with the rapid development of rail transportation, the requirements of the new rail vehicle design are increasing，and the requirement of the fault diagnosis and safety operation of the active service is increasing. Affected by the increase of train speed and traffic density, it has become very difficult to carry out the real vehicle test on the railway line in service. Therefore, many kinds of test bench and test line which can carry on the general performance and the dynamic performance test of the vehicle have been built, which provides the condition for the vehicle inspection and the performance test [1] . In this paper, the test bench is a kind of vibration test experiment platform, the test vehicle is a certain type of electric locomotive, test vehicle is obtained by reducing the proportion of the real vehicle [2] . Compared with the actual vehicle simulation running test, the use of test vehicles can lower the requirements for equipment and venues, and more easy to operate. The point of this paper is the design and research of the test vehicle, requires the test vehicle and the real vehicle produce the same response when they are in the same simulation running environment. Adjustment the test vehicle's primary suspension and secondary suspension parameters to achieve the design requirements.
THE ESTABLISHMENT OF VEHICLE DYNAMICS MODEL BASED ON SIMPACK Experimental Process Design
In this paper, two multi-body dynamics model are established. Among them, the size, quality parameters, the primary suspension and secondary suspension parameters of the real vehicle dynamics model are known. Using SIMPACK modeling method to establish the dynamic model of the real vehicle, and using the traditional dynamic analysis method to analyze the dynamic model of the real vehicle [3] [4] . By using SIMPACK to analyze the real vehicle model, the output parameters of real vehicle under certain incentive are obtained. 
Multi Body Dynamics Model of Real Vehicle
In this paper, the model of the real vehicle is mainly composed of the vehicle body, front bogie and behind bogie. The bogie is composed of frame, wheel set, primary suspension and secondary suspension device, a traction motor, journal-box and gear box. The vehicle body is connected with the bogie through the secondary suspension device, and the two set of spiral steel springs are installed on the axle box. The secondary suspension device is composed of two groups of spiral steel springs, rubber pad series as the main body. There are the secondary of transverse shock absorbers, secondary of vertical vibration damper to attenuate the vibration between the bogie and the vehicle body [5] . The topological relations of the real vehicle dynamics model are shown in Figure 2 and Figure 3 . After determining the relationship between the various parts of the rail vehicle, the dynamic model of the real vehicle can be established according to the relationship between the parts of the two-dimensional in SIMPACK, and the finished multi-body dynamics model of the electric locomotive is shown in Figure  4 . 
Multi Body Dynamic Model of Test Vehicle
The scale ratio of the test vehicle and the real vehicle bogie is 1:3, the test vehicle's mass is 1t, and the test vehicle has only one bogie to support the vehicle body. The size, mass, moment of inertia, stiffness and damping of the test vehicle are needed to be determined in the process of SIMPACK modeling. The three-dimensional physical model of the test vehicle was established by Solidworks, and the moment of inertia of the test vehicle was calculated. The dynamic model of the test vehicle bogie is the same as the real vehicle bogie in the topological relation. The topological relationship about test vehicle between the vehicle body and bogie is different from the real vehicle [6] . Test vehicle topology is shown in figure 5 . According to the topological graph and the scale parameters, the multi-body dynamics model of the test vehicle is shown in Figure 6 . 
SIMPACK DYNAMIC MODEL SIMULATION Vehicle Model Track Excitation
More than influence the smooth running of the train, when the deformation accumulates to a certain degree, it will greatly weaken the strength and structural stability of the line and bring serious implication to the security of railway transport [7] . Track irregularity is one kind of external stimulation to locomotive and rolling stock system, and it is the main vibration source of locomotive vehicle system [8] . Track irregularity mainly have four types, vertical irregularity, alignment irregularity, cross-level irregularity and gauge irregularity. The experimental use of the fifth grade American track spectrum, the U.S. track irregularity power spectrum expression is as follows: 
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Experiment Parameter Setting and Data Collection
In this paper, the vertical dynamic performance of the real vehicle and the test vehicle are analyzed. In the experiment, the linear orbit is used and the track length is 10km, the track excitation is the fifth grade American track spectrum. The test is taken into account in four types of track excitations, such as vertical irregularity, alignment irregularity, cross-level irregularity and gauge irregularity. Respectively, the train ran at 60km/h, 80km/h, 100km/h, 120km/h, 140km/h running speed [9] . There are three acceleration sensors are arranged in the vehicle model, one of them located in the middle of bogie, the other two located in the vehicle body, respectively in front and behind of the vehicle body. These two acceleration sensors are used to collect the acceleration of the vehicle body and bogie in running of model. By comparing the output parameters of the real vehicle and the test vehicle, it's mainly compared two evaluation indexes, the maximum value of the vertical acceleration and the root mean square value of the vertical acceleration [10] . In this paper, the idea of dichotomy is used to adjust the primary suspension and secondary suspension parameters. In the experiment, real vehicle bogie center sensor outputs the signal parameters as the primary suspension standard output value for test vehicle , the sensor in the middle of the floor for vehicle body output the signal parameters as the secondary suspension standard output value [11] for the test vehicle. After reduce a certain proportion of the suspension parameters of real vehicle, compare the output parameters between the test vehicle and real vehicle, then observe the difference of them.
Output Result and Analysis
After setting the parameters, the model is run and evaluation indexes are calculated in the time domain, and the output parameters of vertical acceleration of the real vehicle and the test vehicle at different speeds are obtained in the SIMPACK post processing program. Through the processing of these data, the vertical acceleration can be obtained that the dynamic model running in the time domain at the speed of 60km/h, 80km/h, 100km/h, 120km/h and 140km/h. Figure. 8- figure. 12 is the vertical acceleration at the speed of 60km/h, 80km/h, 100km/h, 120 km/h, 140km/h. To calculate the output parameters in time domain, the parameters of maximum value and root mean square values of real vehicle and the test vehicle in five kinds of running speeds can be gotten. Figure 13 shows for vertical acceleration RMS (root mean square), figure14 shown as vertical acceleration maximum. The design of real vehicle speed is 120km / h, in the low speed and high speed, the output parameters is close to real vehicle and the test vehicle, in the medium speed the deviation is slightly more than the low speed and high speed parameters, but overall output parameters within the error range.
The stability index of the two model vehicle is calculated in the time domain, and the calculation results are compared and analyzed. According to the requirements of 2360-93 TB/T "test method and evaluation standard for dynamic performance test of railway locomotive", the model of the real vehicle and the model of experimental vehicle are calibrated.
The stability index is shown in Table 1 , in which V is the running speed, Wb and Wf are the vertical stability indexes of the front and behind drive's room. As shown in Table 1 , in the speed of 100km/h speed below are to achieve excellent standards, in the 140km/h speed below are to a good standard. Table 1 . Vertical stability contrast.
By the comprehensive analysis of the experimental results: consider of the vertical acceleration of the original data, the vertical acceleration waveform of real vehicle and the test vehicle are consistent, roughly the same amplitude and extreme value, which can be seen experiment in simulation test showed good tractability. It can be obtained by analysis the time domain original data, that the output results of the real vehicle and the test vehicle has a high degree of fit, the data errors are to meet the permissible range. These two vehicle's stability index follow are very good, and all meet the relevant requirements of 2360-93 TB/T "test and identification method of dynamic performance test and evaluation standard of railway locomotive".
CONCLUSION
In this paper, the SIMPACK dynamic model of a certain type of electric locomotive and its corresponding test vehicle is analyzed analysis results show that that the output parameters of the test vehicle model are basically consistent with the output parameters of the real vehicle model. Through the analysis of the experimental data, the following conclusions are drawn:
The amplitude and frequency of the vertical acceleration image of the real vehicle and the test vehicle under the same conditions are basically the same, the output parameter of the two models are shown a good trackbility;
Analyze the output parameters of the two model vehicle in time domain，the root mean square value of the vertical acceleration of the two models are obtained, after comparing the real vehicle model with the test vehicle model's root mean square value can be found that this parameters shown a good trackbility;
Comparison of the vertical stability of the real vehicle and the test vehicle can be found that the stability of the real vehicle and the test vehicle is very close, it further verifies the rationality of the suspension parameters of the test vehicle;
The designed vibration test table can satisfy the design requirements, and truly reflect the actual operation of the vehicle.
